Huge amounts of radioactivity derived from the Fukushima nuclear accident were scattered in the atmosphere. Various kinds of vegetables in three prefectures in the tohoku area were contaminated with 131 I and 137 Cs over the legal limit for shipment. A simple and effective removal method for contaminated farm products was developed to ensure the relief of farmers and the security of consumers. Distribution imaging of radioactivity in the contaminated vegetables, the physical removal of radioactivity from contaminated vegetables and the chemical removal of radioactivity from contaminated vegetables were examined. As a result, there were two types of vegetable contamination, spot type or spread type. the concentration of radioactivity was higher on the outer side than the inner side of a vegetable leaf. More than 80% of radioactivity attaches to the surface of leaves. Radioactivity removal by water washing showed no significant difference between boiling water and cold water. There was no significant difference between hand-washing and running water washing. The radioactivity of vegetables decreased by 70-80% for 131 I and more than 80% for 137 Cs by reducing agent treatments. In particular, ascorbic acid is promising as a safe and versatile option.
, I 2 , CH 3 I and the particulate form, are included in radioactive iodine released in a nuclear plant accident 1) . Sumiya 2) reported that the removal of I 2 , such as waterinsoluble iodine on a leaf of spinach, was difficult in comparison with I -. Thus, the removal effect may depend on the chemical .
Furthermore, iodine is known to have strong invasion ability against various materials . We examined the following experiments to find an effective method of removing radioactivity from vegetables contaminated after the Fukushima nuclear acci dent: 1) Physical removal of radioactivity from contaminated vegetables, 2) Chemical removal of radioactivity from contaminated vegetables, 3) Visual examination of the radioactivity distribution .
Method, Results, and Consideration
After the Fukushima nuclear accident, various kinds of vegetables were sent from March 28 through April 9 by five members of the Japanese Society of Radiation Safety Management who live in Fukushima prefecture or a prefecture next to Fukushima prefecture .
[1] Basic water washing and radioactivity measurement of contaminated vegetables 1. Radioactivity of contaminated vegetables was measured by a GM survey meter or a Ge semiconductor detector before pre-water washing.
2. The contaminated vegetable was washed by hand for 5 min after soaking in water for 10 min.
3. The radioactivity removal rate (RRR) was calculated using the following formula. The removal of radioactivity by both boiling and cold water washing was compared (Table 3 ) . The removal rate of 131 I by boiling water washing (60%) was slightly greater than that by cold water washing (50%) .
RRR(%) = (
Although the removal of radioactivity by ultrasonic cleansing was examined, no significant difference was observed between pre-water washing and ultrasonic cleansing .
Removal of radioactivity by muddy water shower was examined. The washing method is as follows:
(1) 80g magnetic iron ore was added to 4L supernatant of muddy water .
(2) A vegetable leaf was shaken twenty times in the above muddy water solution .
(3) The vegetable leaf was washed by the above muddy water solution shower .
(4) The vegetable leaf was measured using a GM survey meter after being dipped in water overnight .
Removal rate of radioactivity by the muddy water shower was about 71% . The method was thought to be effective to remove radioactivity from contaminated vegetables; however, more data must be collected to show the efficacy of the method.
[3] Chemical removal of radioactivity from contaminated vegetables 3.1. Removal of radioactivity by detergent, vinegar, a potassium iodide and sodium chloride A contaminated vegetable was soaked in each chemical reagent for 5-10 min after being soaked water for 5 min . Next, the The removal of radioactivity from contaminated vegetables by washing with chemical reagents was no different from water washing, and the removal of radioactivity by potassium iodide was slightly better than that by water washing (Table 4) .
Removal of radioactivity by citric acid, sodium bicarbonate and ethanol
As chemical reagents, 1% citric acid, 1% sodium bicarbonate (NaHCO 3 ) and ethanol were examined . After pre-washing under running water, the contaminated spinach was soaked in 1 L of the above mentioned chemical agent solutions for 10min .
After soaking, the spinach was washed again by the same washing method as mentioned above .
Radioactivity of the spinach was measured by a Ge semiconductor detector two times before pre-washing and after soaking in a chemical reagent .
No significant difference was observed between water as a control and chemical reagents such as citric acid, NaHCO 3 and ethanol (Table 5) . A bundle of spinach was treated by two different concentration of Na 2 SO 3 solution (1% and 2 .5%) for 20 hr . The spinach was measured by a Ge semiconductor detector two times before pre-washing and after dipping by Na 2 SO 3 .
Radioactivity removal rate by treatment with 2 .5% Na 2 SO 3 was greater than with 1% Na 2 SO 3 ; however, the spinach leaf treated with 2 .5% Na 2 SO 3 looked wilted . The concentration of reducing agent was thought to be more suitable at 1% (Table 6 ) . sodium sulfite (Na 2 SO 3 ) and 1% ascorbic acid were investigated .
Radioactivity of a bundle of spinach was measured by a Ge semiconductor detector .
All five reducing agents had a much higher effect on the radioactivity removal rate than water as control (Table 4 ) . In particular, 1% sodium meta bisulfite showed a removal rate (%) of about 80% to 131 I in comparison with 49% with water . The radioactivity removal rate (%) of all of five reducing agents to 137 Cs was about 80 % (Table 7) . Sodium meta bisulfite (Na 2 S 2 O 5 )
is used as antioxidant in wine and meat and ascorbic acid is a form of vitamin C . These two reducing agents are safe for humans .
[4] Visual examination of the radioactivity distribution
The distribution image of radioactivity in contaminated vegetables
Vegetables harvested in Fukushima prefecture were exposed to an imaging plate (IP) . After 12-24 hr, an image of the distribution of radioactivity was captured and analyzed by a Bioimaging Analyzer . Figures 1 and 2 show the distribution of radioactivity in contaminated vegetables grown in Fukushima prefecture . Two types of radioactivity distribution were observed in contaminated cabbage . One was spot contamination caused by atmospheric contaminated dust particles . The other was spread con tamination caused by radioactivity dissolved in rain water .
Radioactivity adhesion states with a scanning electron microscope (SEM)
An image of the surface of spinach leaves was taken by scanning electron microscope (SEM) (VE-9800; Keyence) to observe the adhesion state of spinach leaves . The image shown in Figure 3 is an SEM image of the surface of spinach harvested more than a week previously . As shown in this SEM image, when radioactive materials attach to the damaged part of a leaf, they are more likely to invade the inside of the leaf . The more time that passes after harvest, the more difficult radioactivity removal will become.
[5] Summary 7 . There are two types of contamination (Spot and Spread) .
8. The more time that passes after harvest, the more difficult radioactivity removal will become . 
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